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USSR WORK or; FUNCTIONING oF CHEMORECEPTORS IN TOXTTOLOGICAL PROCESSES

Farmakologiye i Toksikologiya, Vol 18, No 1 Prof S, V. Anichkov
Moscow, Jan;Feb 55 Active Member Academy

Medical Sciences USSR

{Numbers in parentheses refer to appended bibliography. ]

lately Soviet phﬂrmacologists and toxicologists have begun to pay grea*
<ttention to the reflex mechanisms vwhich are * 7olved in toxicological proc-
esses, However, this approach will prove constructive only if it goes beyond
rere declarations that the principle of nervism is valid, It is not enough to
state that reflex mechanisms participate in the effects Produced by chemical
agents. It is essential to establish vhere these reflexes originate, how they
‘Ire propagated, and what their physiological sigr’ “icance is. i

It 1is certain that the reflexes which originate at the chemoreceptors,
organs whose existence was predicted by I. P. Pavliov (1), are of the great-
est significance,

The nerve encings which possess specific chemical sensitivity, as pre-
dicted by I, P, Pavioy (1) and demonstratea by V. V. Zakusov (2) ang V. N,
Chernigovskiy (3), permeate a1l organs and all tissues of the organs. There
can be no doubt, however, that the chemoreceptors of the carotid bulbs oc-
cupy an exceptional position as far as their sensitivity and response to the
chemical changes which occur in the blood are concerned. These nerve for-
o mations must be regarded as watch-posts in the path of the blood stream within
the brain,

This article deals with reflexes which originate at the carotid chem-
oreceptors when certain poisons have been resorbed and exert a s0-called re-
sorptive effect. There 1s every reason to believe that the regularities eg-

Tt bas been known for a long time that the principal ang adequate stimulus
inducing reflexes from the carotid bulbs 1s & shortage of oxygen in- the dlood,
For that reason, the so-called anoxic poisons, i.e., poisons which inhibit tis-
Sue respiration, are strong stimulants of the carotid chemoreceptors. Cyanides
and sulfides belong to this class of poisons, It is well known that the short-

At present, several hypotheses are available which explein the reasons for
the excitation of the carotid chemoreceptors that arises when there is a short-
ege of oxygen in the blood and whenever anoxic Polsons act on these receptors,

According to the 1deas of Winder (4) and of other Americen investigators,
for instance Gesell and Hansen (5), the stimulus exerted r- the carotid chem-
oreceptors is the result of the formation of acidic products which accumulate
in the tissues 1in consequence of anoxia. On the other hand, the Swedish school
of Professor Liljestrand holds that, as a result of anoxia, acetylcholine is
formed in the tissue of the carotid bulbs, and that thig acetylcholine is the
immediate stimulant that produces impulses which are dispatched from the carotid
bulbs to the nervous centers along Hering's nerve (the sinys nerve). (6)
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A pharmacophysiclogical analysis of the sensitivity or the carotid recepicrs
vwhich hag beep carried out by our group demonstrated that netther of thege hy -

potheses 1g valid,

them of the tissue energy balance, or more precisely, a prevalence of the scis-
sion of microergic bonds over their resynthesis. (7} A disturbance of the energy
balance of this type is produced by anoxema and anoxic poisons., It cap alsg
ve prodnced by some other chemical agents and ini‘luences, particularly the

The hypothesis advanced by Belen'kiy makes understandable the pPhysio-
logical significance &nd direction of the reflexes whioh originate when_ the
r.hemoreceptors are excited as a result of anoxemfs, If the immediate cause
of the origination of impulses which brings about these reflexes is a disturb-
ance of the energy balance in the tissue, then it 1s entirely natural to re-
£ard these reflexeg as directed towarg the restoration of the disturbeq bal-
ance,

It is 8ctually true that the stimulation of the respiration and the increage -
in the blood bPressure, which are characteristic for reflexes originating in the
carotid bulbs, are directed towards furnishing the tissues with a supply of
Oxygen, which ig 50 necessary for raising the level of oxidative Processes and
restoring the energy balance of the tissues that hag been disturbed,

. Investigations undertaken by our workers demonstrateq that the reflexes
) vwhich are induced by the action of anoxic boisons, i.e., of cyanides and syl-
fides, do not influence the respiration and blood circulation only, but alse
have other effects., It is significant, however, that all reflexes, the exist.
ence of which has been established, have g distinct bearing on the restoration
of the disturbeq €nergy balance of the tissues, ’

Oxygen capacity of the blood and necessitates such an increase. This increase
can be achieveg by an augmentation of the number of erythrocytes, Ag has been
Shovn in the experiments hy Belen'kiy ang Stroykov with cyenides (8) ang by

V. K. Zbruzhinskiy in experiments with hydrogen sulfide, reflexes which are
transmitteq to the Spleen arise at the carotig chemoreceptors whenever "t:hese
pPoisons act op them. 4As a result of the constriction of the spleen which takes
Dlace, an additional quantity of erythrocytosis is released into the circulating
blood. 1In other words, a reflex erythrocytosis ig established,

It is obvious that for the Testoration of the énergy balance, not only
Oxygen, but also-an excess of nutrient miterial in the form of glucose must
be present in the blood, 4, A, Petropavlovskaya has actually shown that a
reflex hyperglycemia 1s an obligatory reaction to the effect or Cyanides. (9)
Polsoning with hydrogen sulfide has the same effect, as hag been shown re-
cently by Zbruzhinskiy.
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" It hag actually peep found 1n Startsey' g Tecent experiments that upon inter.
action of g solution or cyanide with the isolateq carotid sinug there 15 g tempo-
rary stoppage of the Peristalsis of the intestines, vhich, of Course, makes cep..
tain that the contentg of the intestipe will be resorbed tg g fuller extent,

originating &t the chemoreceptoi‘s, particularly the carotidq chemoreceptors, par-
ticipate in the general &spects of the action of these poisons,

It is obvious that the solution of these Problems {s of great sig'nirica.nce
for toxicology. They must first of a1z be considered with reference o DPoisons
which bring aboyt the vemic type of &noxemia, i.e,, Poisons which lower the
oXygen capacity of the blood by reducing the uantity of free hemoglobiy, One
of the poisons of this type is carbon monoxide, which forms carboxyhemoglobin.
-Other poisons of this type ere the numeroyg Substances which bring about for-
mation of methemoglohin.
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It 1s known that in this form of anoxemia, notwithstanding the considerabdle
reduction of the oxygen content in the blood, its tension in the plasma, i.e.,
the degree of saturation of the plasma with oxygen, does not change perceptibly.
This circumstance makes many investigators doubt &s tc wnether a reaction on
the part of the chemoreceptors to a shortage of oxygen in the blood may take
place in the hemic type of anoxemia. The ma jority of American investigators are
of the opinion that the carotid chemoreceptors and other chemoreceptors may re-
act only to changes in the level of the oxygen tension in the plasma, but not to .
a change in the quantity of oxygen in the erythrocytes, because the chemoreceptors
ire in contact with the bloed plasma and do not come in touch with the erythro-
~Ytes or use the oxygen contained in them. On this ground, certain foreign
sclentists categorically deny that reflexes from the carotid bulbs may form one
@ the aspects of polsoning with carbon monoxide., (13, 1k)

- It must be said that the theoretical considerations on which this denial
o' the particlpation of ‘reflexes from the carotic bulb is based are not very
convincing, particularly if these reflexes are regarded as & result of chinges

-0 the tissue metabolism of the carotid bulbs themselves.

The tissue metabolism of the carotid bulbs must bossess a great degree of
intensity and for that reason react not only to the tension of the oxygen in
-he plasma, but also to the total quantity of oxygen which is present in the
whole blood.

Of course, the problem in regard to the possible participation of reflexes
originating at carotid bulbs in phenomena typical for the toxicology of carbon
monoxide cannot be decided by abstract considerations, but must be solved experi.
mentally. Experiments pertaining to this subject were conducted by M. .A.
Crebenkind, Her experiments demonstrated convincingly that at least in acute
carbon mopo~ide poisoning, reflexes from the carotid bulbs participate and
are of considerable significance,

It is worthy of attention that these reflexes are not limited to an exci-
tation of the respiratory center but also exert an influence on the morphology
of the blood and the chemical processes taking place in it, jJust as 2 2flexes

— which originate under the action of anoxic poisons do. Grebenkina has shown
that in cases when animals killed with carbon monoxide exhibit a strong erythro-
cytosis, this reaction has been produced by a reflex transmitted from the carotid

. bulbs to the spleen. This reaction is ebsent when the carotid bulbs have been
. treated with novocain or extirpated. It was found that the constrictions of
the spleen are weaker in animals when the suprarenals have been removed from
them. It is obvious that the secretion of adrenalin is an intermediary humoral
link 1n this reflex reaction.

PR

The seme humoral link is active in byperglycemia which is observed upon
Dbolsoning with carbon monoxide. Grebenkina has proven that this hyperglycemia
is & reflex originating at the carotid bulbs and that 1t i1s not observed in
animals with denervated carotid bulbs. At the same time, it hes been shown
that this reaction s absent after the suprarenals have been eliminated., It

- o—

the blood. Thus, experimental results lead to the conclusion that the reflexes
from carotid bulbs vhich are characteristic for anoxic polsons also arise in
poisoning with substances which produce the hemic form of anoxemia. This ap-
plies to carbon monoxide poisoning as well as to intoxication with other agents
which exert an anoxic activity. :
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There can be no doubt that reflexes of this type may originate ac a result
of the resorptive effect of many poisons, in view of the fact that the majority
of toxic chemical agents exert a rersistent toxic effect for the precise reason
that they are capable of acting directly or indirectly on the tissue metabollsm.
Such reflexes must arise because acute changes in tissue metabolism inevitably
act on the chemoreceptors. From our point of view, the chemoreceptors must be
regarded as sentinels which protect tissue metabolism, and above all the energy
metabolism of the tissues.

0f basic significance is the participation in these reflexes of the higher
divisions of the cerebrum. This participation has been proven in work done by
our collaborators.

It has been demonstrated in experiments carried out by Belous and Grebenkina

" that a conditioned reflex can be formed on the basis of reflexes induced by
poisons which aét on the carotid bulbs. (12) For instance, Grebenkina has ob-
vained shortuess of breath (panting) as a conditioned reflex based on the re-
flex excitation of the respiration brought about by cytisine. Belous has ob-
tained & conditioned reflex hypersecretion of the neurohypophysis on the basis
of the unconditionul reflex brought about by hydrocyanic acid acting on the
hypophysis by the way of the carotid bulbs. It is obvious that the reflexes
sriginating at chemoreceptors are sub Jected to an unceasing control by the
cerebral cortex.

As can be seen from the data cited, we are attempting to treat the reflexes
which originate at chemoreceptors as compensatory reactions. However, it would
) be erroneous to overestimate the protective significance of these reflexes when
they originate as a result of the action of poisons. Obviously the reflexes in
question have developed as adaptive reactions vhich are released in response to
the hypoxic type of OXygen shortage resulting becsuse an inadequate quantity of
oxygen is supplied to the organism. If this condition exists, all the reflexes
which occur actually contribute to bringing the organism out of its pathological
state. .

In other forms of anoxemia and anoxia, particularly when the poisoning is
produced by substances which penetrate into the body through the lungs, many of
the reflexes that develop may harm rather than benefit the organism. Thus,
shortness of breath and stimulation of the blood circulation in poisoning with
gaseous anoxemlc substances contribute to a higher degree of resorption of the
poison by the tissues and render the peisoning more severe, -

The violent activity which the chemoreceptors develop in acute poisonings
cannot be regarded as & physiological reaction: 1t must be regarded as one
of the exceptional reactions which I. P. Pavlov ascribed to extraordinery con-
ditions typical for the pathological state.

Thus, we are justified in regarding these reactions as a part of the tox-
icological process induced by poisons.
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